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Wl C rans isomorizations adbout carban=carbon doudble bdbonds
aro froqucntly catalyzod by paramagnotic molcculos or atoms such as
Ops NO, NO,, I, Br, Na, K, Rb, Ca,* Magco, Shand, and Eyring® sug-
gostod that tho low froquancy t'u.otora3 (A~ 108 or loss) mnd low acti~
vation anorgics (E™~ 10 - 30 koal/molo) found for someo non-catalysod
isomcrizations (9.g., maleic ester -¥ fumaric ester) indicatc that such
isomorio molooculos pass through a triplct statu whon twiating from tho
ocis tc tho trans form, This idoa 18 illiustratod in Fig., 1l-a, whioh
givos a sohomatio roprosontation of tho potontial cncrgy ourvos (Vo)
for tho lowest energy singlet (S) and triplet (T) olectronioc states of
en othylone-type isomer as a funotion of tho anglo (3) of rotation
about a carbon=carbon doublo bonde* Isomorigations via T and 8 eleo-
tronic astates are indicatcd by horizantal arrows (1) and (2) in Pig.
i~-a, Yespeotivoly. )

The frequency factor for isomorization via path (1) can bdo
rolatod to tho enorgy gap (€ in Fige :L--a)5 whioh rosults from a mixing
of tho S and T statos by spin~orbdbit intoraction.® For small e's tho
froequonoy factor is approximatoly proportional to (2.6 For hydrocar-
vons, 2?7 € 8 043 = 106z},

Eyring and Hamne

suggcatcd that paramagnotie substanccs
catalyzo isomorization through path (1) by providing "a non-homogono~
ous magnctio ficld whioh will aoct diffcruntly on thoe two magnotie

dipoles arising from tho spin of tho two olcotrons in tho doubloc bond.*
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S3ince magnotioc spin-spin and "spin of onc olociron=-orbit of anothor™

interaotions are weakor than the hero alroady small spin of one eloo-
.Cron-orbit of the same cleoetron intcractions, it is doubtful that mag-

nctic intcractions arc rosponsiblc for tho catalysis of i1somorization,

Tho following is a qualitative oxplanation for the catalytic activity

of paramagnotic substancos.

If, for oxample, a doublot clooctronic state of a catalyst
atom intiracts with the 5 and T statos of tho isomor, two doublct

statos are formed (D and Dt in Fig. 1-b) togcthor with a quartot stato,

Tho minimum scparation of thosc doublet states, ¢ ! in Fig, 1-b, will
.tn goneral be dotormincd by tho strongth of thc chomical binding bo-
tweon oatalyst and isomor. Sinso €' nood only bo of tho ordor of kT
tc make isomcrization by path (1!) about 10% ~ 107 timcas moro probablo
than path (1),6 it appears that ovon weak catalyst-isomor intoractions

can account for tho catalytic cffcet of paramagnotic moloculcse Analoe

gous oconsidorations apply to catalysts in triplot statcs, No corrcs-
ponding mochanism oxists for catalysis of isomcrization by substanccs
in singlct statcs. Theso conolusions may represent an improvemcnt
’avor tho woell~known chomical argumonts that some atoms (9_.5., iodine)
oatalyze isomerization by binding to an olofinic moloculc and "broak-

ing" thc carbme=scarbon doubdblo bond,

®* National Rcscarch Council Postdoctoral Follow, 1950-52,

1 por koy roferoncos sco P, W, Selwood, Chem. Rov., 38, 41 (1946); B,

Tamarmushi, Bull. Chom, 30c. Japan, 19, 148 (1944); R. G. Dickinson,

Re Fo Vialllis and R, E, Vood, J, Am. Chcm, Soc., 71, 1238 (1949).
’ Je Lo Magoe, W. Shand, and H, Eyring, Je. Ame Chom. Soc., 63, 677

(1941).
S Spcoific isomorization rate (soc"l) = A oxp.(~E/RT),
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Compare V({) for ethyleno givon by Re S. Mulliken and Ca Ce Jo
Roothaan, Chem. Rev., 41, 219 (1947).
Tho onergies ¢ and ¢! aro oxaggoratod in Fige 1 for olarity.

S. Glasatono, Ke Je Laidlor, and H, Eyring, Tho Thoory of Rate Pro-

003308, MoGraw-Hill Book Company, Now York: 1941, ppe 148~150,

323-328,
Do Se MoCluro, J., Chome Phys., 17, 905 (1949).
Re Ao Harman and He Eyring, J. Chcm, Phys., 10, 557 (1942).

B ) S © B e



PR ey -

~ g < 9 gt - -

+-08l-dYy
Sid
SNvY.l dd3d
SNVYl %%n_ SI2 B o
e
06 40 ,08! 06 o
08I o_ _ - _ _
a/" q
g 3
TN, It
R ien.
(1) e s
[} /
N {
I d \ ’ .f
\ J \
! \ .
or \ / A
L § Y X
\ / A \
N _eo A L ;
a - L
a P
| & w




Page
Page
Page
Page
.kage
Page
Page
Page
Page
Page
Page
Page

Page
Page
Page
Page

Page

10,
18,
25,
27,
34)
34,
38,
40,

45,
49,
50,
57,
59,

MOLECULAR COMPOUNDS AND THEIR SPECTRA. 1II1I.
THE INTERACTION OF ELECTRON DONORS AND ACCEPTORS
Rovert S, Mulliken
Depart=usnt o0 Pnyalces

The University ol Caicago
Chicago 87, Illinois

SOME ERRATA

line 4. Substitute: "Larworth"

last line. Add: ", or radiocals,"

line 2. Should read: "between 0 andom,"

line 8, Should not read "ef.", but: “of"

line 19. Should re:d: "self-explanatory"

Remark B4, Should read: "all neutral dbases D"

Seotion 9. H,O + CO, shouid be listed under n + gﬁd

2 2

line 7 in Section 14, Skould read: "bm,hc and bx,ko"

line 3 of footnote u. Should read: "Section IV"

last line of footnote v. Should read: "Section IV"

lines 527, Shculd rsad everywhere"D' instead of "B"

line 23, After "should be polarized", insert "with a large

component"

line 8. Should read: "u or c"

line 1. Should read: "Hzo*"

5 . npt “n
next to last line. Should read: "R + Qo4

first line. Transpcse "inner" and "outer"
line 11, Should read: "Walker"
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